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ABSTRACT 
Fibre reinforced concrete (FRC) is a conventional concrete mix that contains 
cement, coarse and fine aggregates and a dispersion of discontinuous short fibres that 
are randomly distributed in the fresh concrete mix. The fibres improve the ductility, 
energy absorption and tensile and flexural strengths of concrete mixture. With the 
increasing amount of waste generation from various processes, there has been a 
growing interest in the utilization of waste in producing building materials to achieve 
potential benefits. In the construction industry, the idea of sustainability encourages 
the use of waste products to replace raw materials, such as fine and coarse aggregates, 
cement and fibrous materials. This leads to sustainable, green and environmentally 
friendly construction by reducing the price of the components compared to disposing 
of the materials. This research, therefore, focuses on the effects of waste carpet fibre 
(WCF) and palm oil fuel ash (POFA) as partial replacements of ordinary Portland 
cement (OPC) on the fresh and hardened properties of concrete. Six volume varying 
from 0-1.25% of 20-mm-long carpet fibre were used with OPC concrete mixes. 
Another six mixes were made that replaced OPC with 20% POFA. The water/binder 
(w/b) ratio of 0.47 was kept constant in all mixes. Fresh properties of concrete were 
studied with respect to its workability in terms of slump values and Vebe time, unit 
weight, air content and heat of hydration. The hardened properties examined are; 
mechanical strengths, deformation characteristics and durability properties. Various 
techniques, including the use of scanning electronic microscope (SEM), X-ray 
diffraction (XRD), thermogravimetric analysis (TGA) and differential thermal 
analysis (DTA) were used to study the microstructure of the concrete. A 3-phased 
investigation revealed that both carpet fibres and POFA have a potential to be used in 
the development of concrete properties. The combination of WCF and POFA 
decreased the slump values and increased the Vebe time of fresh concrete. The unit 
weight and air content significantly decreased, while the heat of hydration was also 
reduced. The inclusion of carpet fibre to either OPC or POFA concrete mixes did not 
improve the compressive strength and modulus of elasticity at early ages. At later ages, 
however, the compressive strength of the mixtures containing POFA significantly 
increased and the obtained values were higher than that mixes with OPC alone. The 
positive interaction between carpet fibres and POFA leads to high tensile strength, 
flexural strengths and impact resistance, thereby increasing the concrete ductility and 
toughness with higher energy absorption and improved crack distribution. The creep 
and drying shrinkage were also considerably reduced. The durability and 
microstructural characteristics of the respective FRC were significantly improved. The 
study showed that the use of waste carpet fibre and palm oil fuel ash in the production 
of sustainable green concrete is feasible both technically and environmentally.
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ABSTRAK 
Konkrit bertetulang gentian (FRC) merupakan bancuhan konkrit konvensional 
yang mengandungi simen, batu baur kasar, batu baur halus, dan gentian pendek yang 
terserak secara rawak di dalam bancuhan konkrit basah. Kehadiran gentian 
meningkatkan kemuluran, tenaga serapan, kekuatan tegangan dan lenturan bancuhan 
konkrit. Peningkatan jumlah bahan buangan yang berpunca daripada pelbagai proses 
menjadikannya semakin mendapat perhatian untuk menghasilkan  bahan-bahan binaan 
bagi mencapai potensi kebaikan penggunaan sisa buangan tersebut. Dalam industri 
pembinaan, idea kelestarian menjadi pemangkin kepada penggunaan sisa bahan 
buangan sebagai pengganti bahan mentah seperti batu baur halus dan kasar, simen, 
serta gentian. Hal ini membantu ke arah pembinaan yang lestari, hijau dan mesra alam 
sekitar dengan pengurangan kos komponen bahan berbanding pelupusan bahan 
tersebut. Oleh itu, kajian ini tertumpu kepada kesan sisa gentian hamparan (WCF) dan 
abu terbang kelapa sawit (POFA) sebagai penggantian sebahagian simen Portland 
biasa (OPC) terhadap konkrit basah dan keras. Enam pecahan isi padu bermula dengan 
0-1,25% daripada 20 mm panjang gentian hamparan digunakan dengan bancuhan 
konkrit OPC. Enam campuran lain pula dibuat menggantikan OPC dengan 20% 
kandungan POFA. Nisbah air kepada bahan pengikat (w/b) yang dikekalkan secara 
malar dalam semua bancuhan ialah 0.47. Sifat konkrit basah yang dikaji berkaitan 
dengan kebolehkerjaan konkrit tersebut ialah melalui nilai ujian runtuhan, ujian masa 
Vebe, berat unit, kandungan udara dan haba penghidratan. Sifat konkrit keras yang 
dikaji termasuk kekuatan mekanikal, ciri-ciri ubah bentuk dan sifat ketahanan konkrit 
keras tersebut. Pelbagai teknik digunakan untuk mengkaji mikrostruktur konkrit 
termasuk imbasan mikroskop elektronik (SEM), belauan sinar-X (XRD), analisa 
termogravimetri (TGA) dan analisa terma bezaan (DTA). Kaji selidik 3-fasa 
menunjukkan bahawa kedua-dua WCF dan POFA berpotensi digunakan dalam 
penghasilan sifat-sifat konkrit. Campuran WCF dan POFA mengurangkan nilai 
runtuhan dan meningkatkan masa Vebe konkrit basah. Berat unit dan kandungan udara 
berkurang dengan ketara manakala haba penghidratan juga dikurangkan. Rangkuman 
gentian hamparan sama ada terhadap bancuhan konkrit OPC ataupun POFA tidak 
meningkatkan kekuatan mampatan dan modulus keanjalan pada usia awal.Walau 
bagaimanapun, ketika konkrit mencapai umur selanjutnya, kekuatan mampatan 
bancuhan konkrit yang mengandungi POFA meningkat dan nilai yang diperoleh 
adalah lebih tinggi daripada nilai bancuhan simen OPC semata-mata. Interaksi positif 
antara gentian hamparan dengan POFA menghasilkan peningkatan kepada kekuatan 
tegangan yang tinggi, kekuatan lenturan dan rintangan hentaman, sekaligus 
meningkatkan kemuluran dan ketahanan konkrit serta meningkatkan tenaga serapan 
dan memperbaiki serakan retak.Nilai rayapan dan pengecutan konkrit yang dikaji turut 
menurun. Ketahanan dan ciri-ciri mikrostruktur FRC turut mengalami 
penambahbaikan yang ketara.Kajian ini membuktikan penggunaan sisa gentian 
hamparan dan abu terbang kelapa sawit dalam pengeluaran konkrit lestari dan hijau 
boleh dilaksanakan dari segi teknikal dan alam sekitar.
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CHAPTER 1 
INTRODUCTION 
1.1 General 
Through industrialization and technological developments in various fields, 
huge amount and different sorts of solid waste materials have been generated by the 
industrial, mining, agricultural and domestic actions. Therefore, solid waste 
management has become one of the main ecological concerns in all around the world. 
With the increasing attentiveness about the environment, lack of landfill area and 
because of its high cost, utilization of by-products and waste materials has become an 
attractive alternative to disposal. Recycling of the non-biodegradable wastes is very 
difficult. Utilization of natural sources, large quantity production of industrial waste 
and environmental contamination need gaining new and applicable solutions for a 
sustainable development. Over the decades there has been a rising affirmation on the 
use of by-products and waste materials in construction industry. In the construction, 
the idea of sustainability allowed the use of waste products to replace raw materials, 
such as fine and coarse aggregates, cement and fibrous materials. Use of these waste 
materials not only aids in getting them applied in concrete, and other construction 
materials, it helps in decreasing the cost of the concrete producing, but also has many 
indirect advantages such as decrease in landfill area, saving in energy, and defending 
the environment from possible pollution effects. Further, utilization of these waste 
materials may develop the physical and mechanical, durability and microstructural 
properties of concrete, which are challenging to achieve by the use of only raw 
materials (Putman & Amirkhanian 2004; Batayneh et al. 2007; Meddah & Bencheikh 
2009; Kanadasan & Abdul Razak 2015; Gu & Ozbakkaloglu 2016). 
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A main challenge facing the construction industries is to execute projects in 
compatibility with the environment by adopting the concept of sustainable 
development. This involves the use of high performance and eco-friendly materials 
produced at a reasonable quality and cost. Current researches on many waste materials 
such as supplementary cementing materials (SCMs), plastics and textiles, aggregates 
and a host of others have shown that the addition of such waste materials in concrete 
has the potential to enhance the physical, mechanical and durability of concrete as well 
as a reduction in the cost of construction (Chandra 1997; Siddique et al. 2008; Thomas 
& Gupta 2013). The challenges are more a consequence of the facts that Portland 
cement is not particularly eco-friendly and lack of landfill space for waste materials. 
One could then decrease these challenges to the succeeding simple formula: use as 
much concrete, but with as low Portland cement as possible, and waste materials as 
much as possible, this means to substitute as much raw material as possible by waste 
and SCMs, particularly those that are by-products of industrial processes, and to use 
waste materials instead of natural resources. 
 
Synthetic fibres are industrialized mainly to supply the high demand for textile 
and carpet products. Polypropylene and nylon are the most synthetic fibres used in 
these industries. In waste streams, carpets are classified as textiles, and generated 
either from post-consumer or pre-consumer (industries). The approximate amount of 
the industrial waste carpet fibres generated in Malaysia is estimated as 30 to 50 tons 
annually, reported by Malaysian carpet industries. The benefits of using such recycled 
fibres include generally lower cost to process than virgin fibres, light in weight, good 
acid and alkali resistance and non-absorbent of water (Wang et al. 1994; Wang et al. 
2000; Schmidt & Cies 2008; Ghosni et al. 2013). The pozzolanic materials are used 
all over the world for their technical, economic and ecological benefits. One of the 
latest inclusion in the ash family is palm oil fuel ash (POFA), obtained on burning 
palm oil husk and palm kernel shell as fuel in palm oil mills (Tay 1990; Awal & Hussin 
1997; Tangchirapat et al. 2007). Malaysia is the second largest producer of oil palm 
and palm oil products in the world. In 2007, about 3 million tons of POFA have been 
produced in Malaysia, and this production rate is likely to rise due to increase the 
plantation of palm oil trees (Ismail et al. 2011; Al-Mulali et al. 2015; Ranjbar et al. 
2016).  
   
3 
 
Weighing up the cleaner production, waste materials from various sources need 
to be propounded as potentially valuable materials. Among them are the industrial 
waste carpet fibre and POFA, the disposal and landfilling of which have detrimental 
effects on the environment due to their long disintegration period. One of the 
reasonable approaches to minimize the adverse effects is the utilization of waste 
materials as useful resources in other industries, like green building construction. To 
date, only a few studies have been carried out on the development of concrete 
composites from carpet waste (Vilkner et al. 2004; Zhou & Xiang 2011). Such 
developments would create a stable pathway for carpet waste and provide new 
materials for structural applications. However, research work on the utilization of 
carpet waste and POFA, as partial replacement of cement in concrete, has not been 
investigated earlier. 
1.2 Background of the Problem  
Concrete is the most important construction material and its consumption is 
increasing all around the globe. In addition to the normal applications, higher ductility 
and energy absorption capacity are often required in different fields like industrial 
building floors, highway paving, bridge decks, etc. Nevertheless, conventional 
concrete possesses very slight tensile strength, limited ductility, low resistance to 
cracking, and little energy absorption. Internal micro-cracks are inherently exist in the 
concrete specimens and its low tensile strength is owing to the propagation of such 
micro-cracks, ultimately leading to brittle fracture of the concrete. Therefore, 
enhancing the toughness of concrete and decreasing the size and possibility of 
weaknesses would lead to better concrete performance.  
 
Previously, efforts have been made to impart enhancement in tensile properties 
of concrete by way of adding a small fraction (0.5-2%) of short fibres to the concrete 
mixture throughout mixing process (Zollo 1997; Brandt 2008; Yahaghi et al. 2016). 
In such situations fibre reinforced concrete (FRC) has been shown to perform its 
functions satisfactorily. Fibre reinforced concrete can be defined as a composite 
material containing of mixtures of cement, coarse and fine aggregates, and a dispersion 
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of discontinuous short fibres that are randomly distributed in the fresh concrete mix. 
There are various types of fibres, no matter polymeric or metallic, generally utilized 
in concrete mixture for their benefits. Among others, the most common types fibre 
used in fibre reinforced concrete are glass fibres, steel fibres, synthetic fibres such as 
nylon and polypropylene (PP), natural fibres and fibres from pre- and post-consumer 
wastes. Fibres in general and polypropylene fibres, in particular, have gained 
popularity recently for use to improve the properties of concrete (Brandt 2008). 
 
In brittle materials like plain concrete without any fibre, micro-cracks develop 
even before applying load, mainly due to drying shrinkage or any other cause of 
volume change. While loading, the cracks propagate and open up, and owing to the 
effect of stress concentration and formation of additional cracks in places of minor 
defects. The development of such micro-cracks along the concrete members, is the 
main reason of inelastic deformation in concrete (Hsie et al. 2008). It has been 
recognized that the addition of polypropylene fibre in concrete mixture is potential in 
bridging the cracks, load transfer, and improving micro-cracks dispersal system 
(Aldahdooh et al. 2014). Moreover, the fibres would act as crack arrester and would 
significantly enhance the properties of concrete not only under compression, tensile, 
and flexure (Yap et al. 2013), but also under impact blows (Nili & Afroughsabet 2010) 
and plastic shrinkage cracking (Zhang et al. 2011). 
 
One of the fundamental solutions towards attaining enhanced concrete 
properties in terms of strength, durability and microstructures is the combined use of 
polypropylene fibre and pozzolanic materials in concrete. Polypropylene fibre is 
presented in the mixture to reduce brittleness of the matrix thus reducing the 
susceptibility to cracking of a concrete (Karahan & Atis 2011). As most of the 
problems related to the durability properties such as permeability, chloride penetration, 
carbonation, and acid and sulphate attacks start from concrete cracking, a substantial 
solution that decreases the brittleness of concrete is required and foremost efficient. 
Fibre reinforced cementitious composites, addresses the brittleness of concrete. This 
ductile material containing pozzolanic materials, exhibits an excellent ductility under 
mechanical loading as well as durability under sever environmental exposure (Mo et 
al. 2015). There are many ways to improve the durability of concrete structures. 
Among all, providing a dense microstructure of concrete specimens through well-
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graded particle size distribution to decrease passage of corrosive into the concrete, 
increase the compressive strength and improve the durability properties of concrete by 
the addition of admixtures are the most applicable. However, these approaches do not 
enhance the brittleness behaviour of concrete (Yap et al. 2014; Mo et al. 2014).  
 
Other than mechanical properties, aspects of durability and microstructural 
analysis are greatly considered in assessing the behaviour and potential use of any new 
waste material in concrete. Therefore, a great deal of research is necessary to study in-
depth the utilization of these materials on a large scale to develop adequate 
performance data that will permit changes to construction specifications.    
1.3 Statement of the Problem  
There is no doubt that cleaner and more efficient management of various forms 
of waste generation is receiving more attention in order to maintain sustainability in 
green construction. The utilization of waste materials is one of the fundamental issues 
of waste management strategies in many parts of the world. The advantages of 
recycling include reducing environmental pollution, reducing landfilling and disposal 
of wastes and preserving natural resources. Concrete is typically characterized as 
brittle materials, with a low tensile strength and energy absorption capacity. 
Consequently, using fibre reinforced concrete in fields where ductility and durability 
are the main considerations is an alternative solution. Therefore, consumption of 
cheaper and viable materials in concrete instead of raw materials is necessary. Since a 
low volume fraction of short fibres has been suggested for the development of the 
strength and durability properties of concrete, it paves the way to use waste carpet 
fibres to get more details on properties of concrete containing this fibre. 
 
During the past decades, many research works on the utilization of waste ashes 
as supplementary cementing materials in concrete have been carried out.  One of the 
latest inclusion in the ash family is palm oil fuel ash which played an enormous role 
in this regards. The influence of carpet fibres and POFA on the physical, mechanical, 
durability and microstructure properties of concrete is not common in the existing 
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studies of literature. Taking into account the availability and the possible fibrous 
behaviour of waste polypropylene carpet fibres and pozzolanic nature of the POFA, 
research works on the utilization of the materials have been initiated to investigate the 
followings; 
 
 The influence of carpet fibre and POFA on the fresh state properties of 
concrete. 
 The combined effect of carpet fibre and POFA on the mechanical, 
durability and microstructure properties of concrete. 
1.4 Aim and Objectives of Study 
The aim of the study is to develop the fibre reinforced concrete (FRC) 
incorporating industrial waste carpet fibre and palm oil fuel ash (POFA). In view of 
the benefits obtained by the utilization of carpet fibre and POFA, the specific 
objectives are as follows: 
 
i. To investigate the physical and chemical characteristics of waste carpet 
fibres and POFA and optimization of fibre’ length and POFA content.  
ii. To propose a mix design guidelines for the proportioning of waste 
carpet fibre and POFA for the FRC.   
iii. To determine the fresh state, strength and deformation characteristics 
of fibre reinforced concrete incorporating waste carpet fibres and 
POFA. 
iv. To analyse the durability properties of fibre reinforced concrete 
incorporating waste carpet fibres and POFA. 
v. To evaluate the microstructural characterization and the factors 
influencing the performance of waste carpet fibre and POFA in FRC. 
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1.5 Scope of the Study 
The research would be experimental in nature and focuses primarily on the 
development of a fibre reinforced concrete incorporating waste carpet fibres at volume 
fractions of 0%, 0.25%, 0.5%, 0.75%, 1.0% and 1.25%, and POFA at replacement 
levels of 10-30% of ordinary Portland cement (OPC). Carpet fibre was used as an 
addition while POFA was used as supplementary cementing material. Therefore, an 
essential number of intensive investigations and analysis were performed as mentioned 
below. The study emphasize physical and mechanical, durability and microstructure 
properties of concrete, which is believed to be within the limits set by the objectives.  
 
The first phase deals with characterisation of constituent materials and testing 
of the properties of carpet fibre and POFA. These comprise; density, melting point, 
tensile strength, water absorption and scanning electron microscopy (SEM) of the 
carpet fibres. It also deals with the determination of the physical properties and 
chemical compositions of OPC and POFA by X-ray fluorecence (XRF) and also 
determination of the morphological and microscopic structure of POFA by SEM and 
energy dispersive X-ray diffraction (XRD).  
 
The second phase deals with mix design and proportioning of the constituent 
materials for concrete, and also optimisation process. These contain optimum length 
of the fibre, optimum POFA content.  
 
The third phase deals with the investigation of fresh and hardened states, 
durability and microstructure properties of concrete containing carpet fibre and POFA. 
These contain the slump, VeBe time, fresh density, air content and heat of hydration 
from fresh concrete and, compressive, splitting tensile and flexural strengths,  
ultrasonic pulse velocity (UPV), modulus of elasticity, impact resistance, creep and 
drying shrinkage, water absorption, sorptivity, chloride resistance, sulphate resistance, 
acid resistance, carbonation depth and fire resistance from hardened concrete. The 
fourth phase deals with the investegation of microstructural properties such as 
scanning electron microscopy (SEM), thermogravimetric analysis (TGA), differential 
thermal analysis (DTA) and X-ray diffractometry (XRD).  
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1.6 Significance of Study  
Large amounts of waste materials cannot be eliminated. Nevertheless, the 
environmental defects can be reduced by providing more sustainable usage of these 
waste materials. This is known as the ’’Waste Hierarchy’’. Its goal is to decrease, 
recycle, or reuse waste, the latter being the desired option of waste disposal. Figure 1.1 
displays a drawing of the waste hierarchy. This study is limited to industrial waste 
carpet fibre and palm oil fuel ash. 
 
Since discontinues short fibres has been proposed for the development of the 
concrete performance, the use of carpet fibres will result in a reduction of the amount 
of waste generated from industry and also enhanced the brittleness properties of 
concrete. Suitably used, POFA can significantly develop the mechanical, deformation 
and durability properties of concrete which will be decrease the pressure on the 
industrial and domestic consumption of Portland cement. As both carpet fibre and 
POFA are industrial waste materials requiring minimal spending, their use will 
considerably decrease the overall cost of construction, thereby justifying the name of 
“Green Concrete Composite”. Consequently, the mixture of carpet fibre and POFA to 
production of concrete composite will open up new research opportunities.  
 
 
Figure 1.1 The waste hierarchy 
y 
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1.7 Research Approach     
1. Perform a comprehensive literature review on the utilization of waste materials 
such as waste textile, fibres and pozzolanic ashes in concrete and other related 
construction activities. 
2. Select the waste carpet fibres, POFA, cement, aggregates and other required 
materials based on their characteristics.  
3. Study of various test procedure standards such as BS EN, ASTM, ACI and 
RILEM for performing tests on concrete containing waste carpet fibres and 
POFA.  
4. Conducting a primary study and trial mixes to verify and control the proposed 
mix ratios before beginning the full scale experiment. 
5. Carry out a series of tests for optimization of fibre’s length and POFA content 
to use in full scale experiment. 
6. Develop an appropriate schedule of experimental programs with test to 
investigate the combined effect of waste carpet fibre and POFA on concrete 
composites and compare its performance with that of without any POFA and 
fibres. 
7. Conduct corresponding studies to comprehend the combined effect of carpet 
fibre and POFA on physical, mechanical, deformation and durability properties 
of concrete.  
8. Inspect and compare microstructure analysis of concrete containing carpet fibre 
and POFA with that of without any fibres and POFA. 
9. Analysis of experimental results and discussions on the findings. 
10. Draw conclusions and make available recommendations on the application of 
waste carpet fibre and palm oil fuel ash as a new fibrous and supplementary 
cementing materials for construction. 
10 
 
11. Propose fields of further study of waste carpet fibre and POFA applications in 
concrete industry along with mix design guidelines. 
1.8 Thesis Organization 
Chapter 1: Provides a general appraisal and an overview of the problem 
background to support the problem statements. In addition, the chapter also highlights 
the aim and objectives, scope and limitation of the research. The significance of study 
and the research approach were clearly spelt out. 
 
Chapter 2: Deals with the critical review of the related and relevant literatures. 
 
Chapter 3: This chapter describes a comprehensive breakdown of the 
consecutive sequence of the methodology that is occupied for successful achievement 
of the research from the design stage of the experimental work to its rational 
conclusions.  
Chapter 4: This chapter emphases on the characterization of the constituent 
materials, comprising the physical properties and chemical compositions of OPC and 
POFA, and characteristics of waste carpet fibre. The chapter also deals with the mix 
design of the concrete containing carpet fibre and POFA, and the optimization of the 
fibre’s length and POFA content in terms of workability and strength properties. 
 
Chapter 5: This chapter reveals the physical and mechanical properties of 
concrete containing carpet fibres and POFA. These include workability in terms of 
slump and Vebe, fresh density, air content, setting time and heat of hydration for the 
fresh concrete. It also presents the results obtained and discussion made on the 
evaluation of mechanical and deformation properties of hardened concrete. Tests 
falling in this category comprise, compressive strength, post failure compressive 
strength, tensile and flexural strengths, ultrasonic pulse velocity, modulus of elasticity, 
impact resistance, drying shrinkage and creep. Moreover, the related microstructure 
analysis of concrete specimens cured in water for different curing period are also 
present in this chapter. 
11 
 
Chapter 6: This chapter deals with the results and discussion arising from 
durability tests conducted on concrete containing carpet fibre and palm oil fuel ash. 
Durability aspects performed in this chapter are; permeability (water absorption and 
sorptivity), chloride penetration, sulphate attack, acid attack, carbonation and fire 
endurance. The durability properties of concrete mixture are also support with 
microstructure analysis in terms of scanning electron micrograph (SEM), 
Thermogravimetry analysis (TGA) and X-ray diffraction (XRD), in order to deep 
understanding the performance of concrete in different environmental conditions. 
 
Chapter 7: The chapter concludes this dissertation by stating the achievements 
and findings of the study and the contribution of the research to the existing 
knowledge. Recommendations are also made for further study in related fields to 
enhance the quality of concrete using waste materials such as carpet fibre and palm oil 
fuel ash.  
263 
 
REFERENCES 
Abdullah, K., Hussin, M.W., Zakaria, F., Muhamad, R. & Hamid, Z.A., 2006. POFA: A 
potential partial cement replacement material in aerated concrete. In Proceedings of 
the 6th Asia-Pacific structural engineering and construction conference (APSEC 
2006), Kuala Lumpur, Malaysia, pp. 5-6. 
ACI 308.1 (2011). Specification For Curing Concrete. American Concrete Institute-ACI 
Committee, Detroit: ACI Committee.  
ACI 544.1R (1996). Report on Fiber Reinforced Concrete. American Concrete Institute-ACI 
Committee, Detroit: ACI Committee. 
ACI 544.2R (1999). Measurement of Properties of Fiber Reinforced Concrete. American 
Concrete Institute-ACI Committee, Detroit: ACI Committee. 
Agopyan, V., Savastano, H., John, V.M. & Cincotto, M.A., 2005. Developments on vegetable 
fibre–cement based materials in São Paulo, Brazil: an overview. Cement and Concrete 
Composites, 27(5), pp.527-536.  
Ahmad, M.H., Omar, R.C., Malek, M.A., Noor, N.M. & Thiruselvam, S., 2008. Compressive 
strength of palm oil fuel ash concrete. In International Conference on Construction 
and Building Technology, 27, pp. 297-306. 
Ahmed, S.F.U., Maalej, M. & Paramasivam, P., 2007. Flexural responses of hybrid steel -
polyethylene fiber reinforced cement composites containing high volume fly ash. 
Construction and Building Materials, 21, pp.1088-1097. 
Aiello, M.A., Leuzzi, F., Centonze, G. & Maffezzoli, A., 2009. Use of steel fibres recovered 
from waste tyres as reinforcement in concrete: pull-out behaviour, compressive and 
flexural strength. Waste management, 29(6), pp.1960-1970.  
264 
 
Akça, K.R., Çakır, Ö. & Ipek, M., 2015. Properties of fiber reinforced concrete using recycled 
aggregates. Construction and Building Materials, 98, pp.620-630. 
Alberti, M.G., Enfedaque, A., Gálvez, J.C. &Agrawal, V., 2016. Fibre distribution and 
orientation of macro-synthetic polyolefin fibre reinforced concrete elements. 
Construction and Building Materials, 122, pp.505-517. 
Alberti, M.G., Enfedaque, A., Gálvez, J.C., Cánovas, M.F. & Osorio, I.R., 2014. Polyolefin 
fiber-reinforced concrete enhanced with steel-hooked fibers in low proportions. 
Materials & Design, 60, pp.57-65.  
Aldahdooh, M.A.A., Bunnori, N.M. & Johari, M.A.M., 2014. Influence of palm oil fuel ash 
on ultimate flexural and uniaxial tensile strength of green ultra-high performance fiber 
reinforced cementitious composites. Materials and Design, 54, pp.694–701.  
Aldahdooh, M.A.A., Muhamad Bunnori, N. & Megat Johari, M.A., 2013. Development of 
green ultra-high performance fiber reinforced concrete containing ultrafine palm oil 
fuel ash. Construction and Building Materials, 48, pp.379-389.  
Alhozaimy, A.., Soroushiad, P. & Mirza, F., 1996. Mechanical Properties of Polypropylene 
Fiber Reinforced Concrete and the Effects of Pozzolanic Materials. Cement and 
Concrete Composites, 18, pp.85–92. 
Ali, M., Liu, A., Sou, H. & Chouw, N., 2012. Mechanical and dynamic properties of coconut 
fibre reinforced concrete. Construction and Building Materials, 30, pp.814-825.  
Aliques-Granero, J., Tognonvi, T.M. & Tagnit-Hamou, A., 2017. Durability test methods and 
their application to AAMs: case of sulfuric-acid resistance. Materials and 
Structures, 50(1), p.36. 
Al-mulali, M.Z., Awang, H., Khalil, H.A. & Aljoumaily, Z.S., 2015. The incorporation of oil 
palm ash in concrete as a means of recycling: A review. Cement and Concrete 
Composites, 55, pp.129-138.  
Al-Oraimi, S.K. & Seibi, A.C., 1995. Mechanical characterisation and impact behaviour of 
concrete reinforced with natural fibres. Composite Structures, 32(1-4), pp.165–171. 
265 
 
Alsubari, B., Shafigh, P. & Jumaat, M.Z., 2016. Utilization of high-volume treated palm oil 
fuel ash to produce sustainable self-compacting concrete. Journal of Cleaner 
Production, 137, pp.982–996.  
Al-Tulaian, B.S., Al-Shannag, M.J. & Al-Hozaimy, A.R., 2016. Recycled plastic waste fibers 
for reinforcing Portland cement mortar. Construction and Building Materials, 127, 
pp.102–110.  
Altwair, N.M., Johari, M.A.M. & Hashim, S.F.S., 2012. Flexural performance of green 
engineered cementitious composites containing high volume of palm oil fuel ash. 
Construction and Building Materials, 37, pp.518–525.  
Arioz, O., 2007. Effects of elevated temperatures on properties of concrete. Fire Safety 
Journal, 42(8), pp.516–522. 
Aslani, F. & Nejadi, S., 2013a. Creep and Shrinkage of Self-Compacting Concrete with and 
without Fibers. Journal of Advanced Concrete Technology, 11(10), pp.251–265.  
Aslani, F. & Nejadi, S., 2013b. Self-compacting concrete incorporating steel and 
polypropylene fibers: Compressive and tensile strengths, moduli of elasticity and 
rupture, compressive stress-strain curve, and energy dissipated under compression. 
Composites Part B: Engineering, 53, pp.121–133.  
Asokan, P., Osmani, M. & Price, A.D.F., 2010. Improvement of the mechanical properties of 
glass fibre reinforced plastic waste powder filled concrete. Construction and Building 
Materials, 24(4), pp.448–460.  
ASTM A820/A820M (2016). Standard Specification for Steel Fibers for Fiber-Reinforced 
Concrete. Annual Book of ASTM Standards, American Society for Testing and 
Materials. 
ASTM C1116/C1116M (2010a). Standard Specification for Fiber-Reinforced Concrete. 
Annual Book of ASTM Standards, American Society for Testing and Materials. 
ASTM C117/C117M (2013). Standard Test Method for Materials Finer than 75-µm (No. 200) 
Sieve in Mineral Aggregates by Washing. Annual Book of ASTM Standards, American 
Society for Testing and Materials. 
266 
 
ASTM C1240/C1240M (2012). Standard Specification for Silica Fume Used in Cementitious 
Mixtures. Annual Book of ASTM Standards, American Society for Testing and 
Materials. 
ASTM C125/C125M (2012). Standard Terminology Relating to Concrete and Concrete 
Aggregates. Annual Book of ASTM Standards, American Society for Testing and 
Materials. 
ASTM C136/C136M (2006). Standard Test Method for Sieve Analysis of Fine and Coarse 
Aggregates. Annual Book of ASTM Standards, American Society for Testing and 
Materials. 
ASTM C1399/C1399M (2010). Standard Test Method for Obtaining Average Residual-
Strength of Fiber-Reinforced Concrete. Annual Book of ASTM Standards, American 
Society for Testing and Materials. 
ASTM C150/C150M (2012). Standard Specification for Portland Cement. Annual Book of 
ASTM Standards, American Society for Testing and Materials. 
ASTM C157/C157M (2008). Standard Test Method for Length Change of Hardened 
Hydraulic-Cement Mortar and Concrete. Annual Book of ASTM Standards, American 
Society for Testing and Materials. 
ASTM C1585/C1585M (2013). Standard Test Method for Measurement of Rate of Absorption 
of Water by Hydraulic-Cement Concretes. Annual Book of ASTM Standards, 
American Society for Testing and Materials. 
ASTM C1602/C1602M (2012). Standard Specification for Mixing Water Used in the 
Production of Hydraulic Cement Concrete. Annual Book of ASTM Standards, 
American Society for Testing and Materials. 
ASTM C1609/C1609M (2010). Standard Test Method for Flexural Performance of Fiber-
Reinforced Concrete (Using Beam With Third-Point Loading). Annual Book of ASTM 
Standards, American Society for Testing and Materials. 
267 
 
ASTM C231/C231M (2014). Standard Test Method for Air Content of Freshly Mixed 
Concrete by the Pressure Method. Annual Book of ASTM Standards, American Society 
for Testing and Materials. 
ASTM C33/C33M (2013). Standard Specification for Concrete Aggregates. Annual Book of 
ASTM Standards, American Society for Testing and Materials. 
ASTM C469/C469M (2014). Standard Test Method for Static Modulus of Elasticity and 
Poisson’s Ratio of Concrete in Compression. Annual Book of ASTM Standards, 
American Society for Testing and Materials. 
ASTM C494/C494M (2016). Standard Specification for Chemical Admixtures for Concrete. 
Annual Book of ASTM Standards, American Society for Testing and Materials. 
ASTM C512/C512M (2010). Standard Test Method for Creep of Concrete in Compression. 
Annual Book of ASTM Standards, American Society for Testing and Materials. 
ASTM C597/C597M (2016). Standard Test Method for Pulse Velocity Through Concrete. 
Annual Book of ASTM Standards, American Society for Testing and Materials. 
ASTM C618/C618M (2012). Standard Specification for Coal Fly Ash and Raw or Calcined 
Natural Pozzolan for Use in Concrete. Annual Book of ASTM Standards, American 
Society for Testing and Materials. 
ASTM C642/C642M (2013). Standard Test Method for Density, Absorption, and Voids in 
Hardened Concrete. Annual Book of ASTM Standards, American Society for Testing 
and Materials. 
ASTM C898/C898M (2013). Standard Specification for Slag Cement for Use in Concrete and 
Mortars. Annual Book of ASTM Standards, American Society for Testing and 
Materials. 
ASTM C94/C94M (2012). Standard Specification for Ready-Mixed Concrete. Annual Book 
of ASTM Standards, American Society for Testing and Materials. 
Ateş, E. & Barnes, S., 2012. The effect of elevated temperature curing treatment on the 
compression strength of composites with polyester resin matrix and quartz filler. 
Materials and Design, 34, pp.435-443. 
268 
 
Atiş, C.D., 2003. Accelerated carbonation and testing of concrete made with fly ash. 
Construction and Building Materials, 17(3), pp.147–152. 
Atis, C.D., Karahan, O., Ari, K., Celik Sola, Ö. & Bilim, C., 2009. Relation between strength 
properties (flexural and compressive) and abrasion resistance of fiber (steel and 
polypropylene)-reinforced fly ash concrete. Journal of Materials in Civil Engineering, 
21(8), pp.402-408.  
Awal, A.S.M.A., & Hussin, M.W., 1997. The Effectiveness of Palm Oil Fuel Ash in 
Preventing Expansion Due to Alkali-silica Reaction. Cement and Concrete 
Composites, 19, pp.367-372. 
Awal, A.S.M.A., & Shehu, I. A, 2015. Performance evaluation of concrete containing high 
volume palm oil fuel ash exposed to elevated temperature. Construction and Building 
Materials, 76, pp.214-220.  
Awal, A.S.M.A., & Shehu, I.A., 2013. Evaluation of heat of hydration of concrete containing 
high volume palm oil fuel ash. Fuel, 105, pp.728–731.  
Awal, A.S.M.A., & Warid Hussin, M., 2011. Effect of palm oil fuel ash in controlling heat of 
hydration of concrete. Procedia Engineering, 14, pp.2650-2657. 
Awal, A.S.M.A., Shehu, I.A. & Ismail, M., 2015. Effect of cooling regime on the residual 
performance of high-volume palm oil fuel ash concrete exposed to high temperatures. 
Construction and Building Materials, 98, pp.875-883. 
Aydın, S., Yazıcı, H., Yiğiter, H. & Baradan, B., 2007. Sulfuric acid resistance of high-volume 
fly ash concrete. Building and environment, 42(2), pp.717-721. 
Badr, A., Ashour, A.F. & Platten, A.K., 2006. Statistical variations in impact resistance of 
polypropylene fibre-reinforced concrete. International Journal of Impact Engineering, 
32(11), pp.1907-1920. 
Bagherzadeh, R., Sadeghi, A.H., & Latifi, M., 2012. Utilizing polypropylene fibers to improve 
physical and mechanical properties of concrete. Textile Research Journal, 82(1), 
pp.88-96.  
269 
 
Bajaj, P. & Paliwali, D.K., 1991. Some recent advances in the production of acrylic fibres for 
specific end uses. Indian Journal of Fibre & Textile Research, 16, pp.89-99. 
Balaguru, P.N. & Shah, S.P., 1992. Fiber-reinforced cement composites.  McGraw-Hill, 
Incorporated, New York. 
Ballim, Y. & Graham, P.C., 2009. The effects of supplementary cementing materials in 
modifying the heat of hydration of concrete. Materials and Structures, 42(6), pp.803-
811.  
Balonis, M., Lothenbach, B., Le Saout, G. & Glasser, F.P., 2010. Impact of chloride on the 
mineralogy of hydrated Portland cement systems. Cement and Concrete Research, 
40(7), pp.1009-1022. 
Banthia, N. & Gupta, R., 2004. Hybrid fiber reinforced concrete (HyFRC): fiber synergy in 
high strength matrices. Materials and Structures, 37, pp.707-716. 
Banthia, N. & Gupta, R., 2006. Influence of polypropylene fiber geometry on plastic shrinkage 
cracking in concrete. Cement and Concrete Research, 36(7), pp.1263-1267. 
Banthia, N., Mindess, S., Bentur, A. & Pigeon, M., 1989. Impact testing of concrete using a 
drop-weight impact machine. Experimental Mechanics, 29(1), pp.63-69.  
Banyhussan, Q.S., Yıldırım, G., Bayraktar, E., Demirhan, S. & Şahmaran, M., 2016. 
Deflection-hardening hybrid fiber reinforced concrete: The effect of aggregate content. 
Construction and Building Materials, 125, pp.41-52. 
Barluenga, G. & Hernández-Olivares, F., 2007. Cracking control of concretes modified with 
short AR-glass fibers at early age. Experimental results on standard concrete and SCC. 
Cement and Concrete Research, 37(12), pp.1624-1638.  
Barnett, S.J., Lataste, J.F., Parry, T., Millard, S.G. & Soutsos, M.N., 2010. Assessment of fibre 
orientation in ultra-high performance fibre reinforced concrete and its effect on 
flexural strength. Materials and Structures, 43(7), pp.1009-1023. 
Bassuoni, M.T. & Nehdi, M.L., 2007. Resistance of self-consolidating concrete to sulfuric 
acid attack with consecutive pH reduction. Cement and Concrete Research, 37(7), 
pp.1070–1084. 
270 
 
Bassuoni, M.T. & Nehdi, M.L., 2009. Durability of self-consolidating concrete to sulfate 
attack under combined cyclic environments and flexural loading. Cement and 
Concrete Research, 39(3), pp.206–226.  
Batayneh, M., Marie, I. & Asi, I., 2007. Use of selected waste materials in concrete mixes. 
Waste management, 27(12), pp.1870-1876.  
Beaudoin, J.J., 1990. Handbook of Fiber-Reinforced Concrete. Principles, Properties, 
Developments and Applications. Noyes Data Corporation, Park Ridge, USA. 
Behfarnia, K., & Farshadfar, O., 2013. The effects of pozzolanic binders and polypropylene 
fibers on durability of SCC to magnesium sulfate attack. Construction and Building 
Materials, 38, pp.64-71.  
Behnood, A., & Ghandehari, M., 2009. Comparison of compressive and splitting tensile 
strength of high-strength concrete with and without polypropylene fibers heated to 
high temperatures. Fire Safety Journal, 44(8), pp.1015-1022.  
Beigi, M.H., Berenjian, J., Omran, O.L., Nik, A.S. & Nikbin, I.M., 2013. An experimental 
survey on combined effects of fibers and nanosilica on the mechanical, rheological, 
and durability properties of self-compacting concrete. Materials & Design, 50, 
pp.1019-1029.  
Bentur, A., & Mindess, S., 2007. Fibre Reinforced Cementitious Composites. Taylor & 
Francis, London.  
Binici, H., & Aksogan, O., 2006. Sulfate resistance of plain and blended cement. Cement and 
Concrete Composites, 28, pp.39-46. 
Bird, L., 2013. Carpet Recycling UK. In Carpet Recycling UK Conference, London.  
Blunt, J., Jen, G., & Ostertag, C.P., 2015. Enhancing corrosion resistance of reinforced 
concrete structures with hybrid fiber reinforced concrete. Corrosion Science, 92, 
pp.182-191.  
Boddy, A., Hooton, R.D. & Gruber, K.A., 2001. Long-term testing of the chloride-penetration 
resistance of concrete containing high-reactivity metakaolin. Cement and Concrete 
Research, 31(5), pp.759–765. 
271 
 
Boghossian, E. & Wegner, L.D., 2008. Use of flax fibres to reduce plastic shrinkage cracking 
in concrete. Cement and Concrete Composites, 30(10), pp.929–937.  
Bolat, H., Şimşek, O., Çullu, M., Durmuş, G. & Can, Ö., 2014. The effects of macro synthetic 
fiber reinforcement use on physical and mechanical properties of concrete. Composites 
Part B: Engineering, 61, pp.191-198. 
Bonakdar, A., Babbitt, F. & Mobasher, B., 2013. Physical and mechanical characterization of 
Fiber-Reinforced Aerated Concrete (FRAC). Cement and Concrete Composites, 38, 
pp.82-91.  
Booij, M., Hendrix, J.A.J. & Frentzen, Y.H., 1997. Process for recycling polyamide-
containing carpet waste. European Patent, 759, p.456. 
Boulekbache, B., Hamrat, M., Chemrouk, M. & Amziane, S., 2010. Flowability of fibre-
reinforced concrete and its effect on the mechanical properties of the material. 
Construction and Building Materials, 24(9), pp.1664-1671. 
Bouzoubaa, N., Zhang, M.. & Malhotra, V.., 2001. Mechanical properties and durability of 
concrete made with high volume fly ash blended cements using a coarse fly ash. 
Cement and Concrete Research, 31, pp.1393-1402. 
Brandt, A.M., 2008. Fibre reinforced cement-based (FRC) composites after over 40 years of 
development in building and civil engineering. Composite structures, 86(1), pp.3-9.  
BS 8500-1 (2002). Concrete. Complementary British Standard to BS EN 206-1. Method of 
specifying and guidance for the specifier. British Standard Institution. 
BS 8500-2 (2002). Concrete. Complementary British Standard to BS EN 206-1. Specification 
for constituent materials and concrete. British Standard Institution. 
BS EN 1008 (2002). Mixing water for concrete. Specification for sampling, testing and 
assessing the suitability of water, including water recovered from processes in the 
concrete industry, as mixing water for concrete. British Standard Institution. 
BS EN 12350-2 (2009). Testing fresh concrete. Slump-test. British Standard Institution. 
BS EN 12350-3 (2009). Testing fresh concrete. Vebe test. British Standard Institution. 
272 
 
BS EN 12350-6 (2009). Testing fresh concrete. Density. British Standard Institution. 
BS EN 12390-1 (2012). Testing hardened concrete. Shape, dimensions and other requirements 
for specimens and moulds. British Standard Institution. 
BS EN 12390-2 (2009). Testing hardened concrete. Making and curing specimens for strength 
tests. British Standard Institution. 
BS EN 12390-3 (2009). Testing hardened concrete. Compressive strength of test specimens. 
British Standard Institution. 
BS EN 12390-5 (2009). Testing hardened concrete. Flexural strength of test specimens. 
British Standard Institution.  
BS EN 12390-6 (2009). Testing hardened concrete. Tensile splitting strength of test 
specimens. British Standard Institution. 
Bullard, J.W., Jennings, H.M., Livingston, R.A., Nonat, A., Scherer, G.W., Schweitzer, J.S., 
Scrivener, K.L. & Thomas, J.J., 2011. Mechanisms of cement hydration. Cement and 
Concrete Research, 41(12), pp.1208-1223.  
Caggiano, A., Gambarelli, S., Martinelli, E., Nisticò, N. & Pepe, M., 2016. Experimental 
characterization of the post-cracking response in Hybrid Steel/Polypropylene Fiber-
Reinforced Concrete. Construction and Building Materials, 125, pp.1035-1043.  
Callister, W.D. & Rethwisch, D.G., 2007. Materials science and engineering: an introduction, 
Wiley, New York. 
Çavdar, A., 2014. Investigation of freeze-thaw effects on mechanical properties of fiber 
reinforced cement mortars. Composites Part B: Engineering, 58, pp.463-472. 
Centonze, G., Leone, M. & Aiello, M.A., 2012. Steel fibers from waste tires as reinforcement 
in concrete: A mechanical characterization. Construction and Building Materials, 36, 
pp.46-57.  
Chan, Y.N., Luo, X. & Sun, W., 2000. Compressive strength and pore structure of high-
performance concrete after exposure to high temperature up to 800°C. Cement and 
Concrete Research, 30(2), pp.247-251. 
273 
 
Chandara, C., Azizli, K.A.M., Ahmad, Z.A., Hashim, S.F.S. & Sakai, E., 2012. Heat of 
hydration of blended cement containing treated ground palm oil fuel ash. Construction 
and Building Materials, 27(1), pp.78-81.  
Chandra, S., 1997. Waste materials used in concrete manufacturing, Noyes Publications, New 
Jersey. 
Chen, P.W., & Chung, D.D.L., 1996. Low-drying-shrinkage concrete containing carbon 
fibers. Composites Part B: Engineering, 27(3), pp.269-274. 
Chindaprasirt, P., Chotithanorm, C., Cao, H.T. & Sirivivatnanon, V., 2007. Influence of fly 
ash fineness on the chloride penetration of concrete. Construction and Building 
Materials, 21(2), pp.356-361.  
Chindaprasirt, P., Rukzon, S. & Sirivivatnanon, V., 2008. Resistance to chloride penetration 
of blended Portland cement mortar containing palm oil fuel ash, rice husk ash and fly 
ash. Construction and Building Materials, 22(5), pp.932-938. 
Choi, J.I., Song, K.I., Song, J.K. & Lee, B.Y., 2016. Composite properties of high-strength 
polyethylene fiber-reinforced cement and cementless composites. Composite 
Structures, 138, pp.116-121.  
Choi, Y. & Yuan, R.L., 2005. Experimental relationship between splitting tensile strength and 
compressive strength of GFRC and PFRC. Cement and Concrete Research, 35(8), 
pp.1587-1591. 
Corinaldesi, V. & Moriconi, G., 2004. Durable fiber reinforced self-compacting concrete. 
Cement and Concrete Research, 34(2), pp.249–254. 
de Andrade Silva, F., Butler, M., Hempel, S., Toledo Filho, R.D. & Mechtcherine, V., 2014. 
Effects of elevated temperatures on the interface properties of carbon textile-reinforced 
concrete. Cement and Concrete Composites, 48, pp.26-34.  
de Andrade Silva, F., Chawla, N. & de Toledo Filho, R.D., 2008. Tensile behavior of high 
performance natural (sisal) fibers. Composites Science and Technology, 68(15), 
pp.3438-3443.  
274 
 
De Gutiérrez, R.M., Díaz, L.N. & Delvasto, S., 2005. Effect of pozzolans on the performance 
of fiber-reinforced mortars. Cement and Concrete Composites, 27(5), pp.593-598. 
Delsaute, B., Boulay, C. & Staquet, S., 2016. Creep testing of concrete since setting time by 
means of permanent and repeated minute-long loadings. Cement and Concrete 
Composites, 73, pp.75-88. 
Demis, S., Tapali, J.G. & Papadakis, V.G., 2014. An investigation of the effectiveness of the 
utilization of biomass ashes as pozzolanic materials. Construction and Building 
Materials, 68, pp.291–300.  
DIN EN 934-2 (2002-02). Admixtures for concrete, mortar and grout - Part 2: Concrete 
admixtures; Definitions, requirements, conformity, marking and labelling; English 
version of DIN EN 934-2. 
Düğenci, O., Haktanir, T. & Altun, F., 2015. Experimental research for the effect of high 
temperature on the mechanical properties of steel fiber-reinforced concrete. 
Construction and Building Materials, 75, pp.82-88.  
Dundar, C., Erturkmen, D. & Tokgoz, S., 2015. Studies on carbon fiber polymer confined 
slender plain and steel fiber reinforced concrete columns. Engineering Structures, 102, 
pp.31-39. 
Enfedaque, A., Cendón, D., Gálvez, F. & Sánchez-Gálvez, V., 2010. Analysis of glass fiber 
reinforced cement (GRC) fracture surfaces. Construction and Building Materials, 
24(7), pp.1302-1308. 
Fares, H., Remond, S., Noumowe, A. & Cousture, A., 2010. High temperature behaviour of 
self-consolidating concrete: microstructure and physicochemical properties. Cement 
and Concrete Research, 40(3), pp.488-496. 
Fares, H., Toutanji, H., Pierce, K. & Noumowé, A., 2015. Lightweight self-consolidating 
concrete exposed to elevated temperatures. Journal of Materials in Civil Engineering, 
27(12), p.04015039.  
275 
 
Flores Medina, N., Barluenga, G. & Hernández-Olivares, F., 2014. Enhancement of durability 
of concrete composites containing natural pozzolans blended cement through the use 
of Polypropylene fibers. Composites Part B: Engineering, 61, pp.214-221.  
Foo, K.Y., & Hameed, B.H., 2009. Value-added utilization of oil palm ash: A superior 
recycling of the industrial agricultural waste. Journal of Hazardous Materials, 172(2), 
pp.523-531. 
Foti, D., 2013. Use of recycled waste pet bottles fibers for the reinforcement of concrete. 
Composite Structures, 96, pp.396–404.  
Fraternali, F., Ciancia, V., Chechile, R., Rizzano, G., Feo, L. & Incarnato, L., 2011. 
Experimental study of the thermo-mechanical properties of recycled PET fiber-
reinforced concrete. Composite Structures, 93(9), pp.2368-2374. 
Galao, O., Bañón, L., Baeza, F.J., Carmona, J. & Garcés, P., 2016. Highly Conductive Carbon 
Fiber Reinforced Concrete for Icing Prevention and Curing. Materials, 9(4), p.281. 
Gao, J., Sun, W. & Morino, K., 1997. Mechanical properties of steel fiber-reinforced, high-
strength, lightweight concrete. Cement and Concrete Composites, 19(4), pp.307-313.  
Garcés, P., Zornoza, E., Alcocel, E.G., Galao, O. & Andión, L.G., 2012. Mechanical 
properties and corrosion of CAC mortars with carbon fibers. Construction and 
Building Materials, 34, pp.91-96.  
Gencel, O., Ozel, C., Brostow, W. & Martinez-Barrera, G., 2011. Mechanical properties of 
self-compacting concrete reinforced with polypropylene fibres. Materials Research 
Innovations, 15(3), pp.216-225.  
Ghodousi, P., Afshar, M.H., Ketabchi, H. & Rasa, E., 2009. Study of early-age creep and 
shrinkage of concrete containing Iranian pozzolans: an experimental comparative 
study. Transaction of Civil Engineering, Sharif University of Technology, 16, pp.126-
137.  
Ghosni, N., Samali, B. & Vessalas, K., 2013. Evaluation of mechanical properties of carpet 
fibre reinforced concrete. From Materials to Structures: Advancement through 
Innovation, Taylor and Francis Group, London, pp.275-279. 
276 
 
Goldfeld, Y., Rabinovitch, O., Fishbain, B., Quadflieg, T. & Gries, T., 2016. Sensory carbon 
fiber based textile-reinforced concrete for smart structures. Journal of Intelligent 
Material Systems and Structures, 27(4), pp.469-489. 
Goldman, A. & Bentur, A., 1993. The influence of microfillers on enhancement of concrete 
strength. Cement and Concrete Research, 23(4), pp.962-972.  
Grdic, Z.J., Curcic, G.A.T., Ristic, N.S. & Despotovic, I.M., 2012. Abrasion resistance of 
concrete micro-reinforced with polypropylene fibers. Construction and Building 
Materials, 27(1), pp.305-312.  
Gu, L., & Ozbakkaloglu, T., 2016. Use of recycled plastics in concrete: A critical review. 
Waste Management, 51, pp.19-42.  
Guo, Y.C., Zhang, J.H., Chen, G.M. & Xie, Z.H., 2014. Compressive behaviour of concrete 
structures incorporating recycled concrete aggregates, rubber crumb and reinforced 
with steel fibre, subjected to elevated temperatures. Journal of Cleaner Production, 
72, pp.193-203. 
Hawn, K.L., 2001. An overview of commercial recycling technologies and textile applications 
for the products. In: Presentation at 6th Annual Conference on Recycling of Polymer, 
Textile and Carpet Waste, Dalton, GA, April 30–May 
Hesami, S., Salehi Hikouei, I. & Emadi, S.A.A., 2016. Mechanical behavior of self-
compacting concrete pavements incorporating recycled tire rubber crumb and 
reinforced with polypropylene fiber. Journal of Cleaner Production, 133, pp.228-234.  
Hsie, M., Tu, C. & Song, P.S., 2008. Mechanical properties of polypropylene hybrid fiber-
reinforced concrete. Materials Science and Engineering: A, 494(1-2), pp.153–157.  
Hughes, P., Fujita, S. & Suye, S., 2015. A holistic approach into the impact of sodium 
hypochlorite on polypropylene fibre reinforced concrete. Construction and Building 
Materials, 85, pp.175–181.  
IS 1344 (1981). Specification for calcined clay pozzolana. Bureau of Indian Standards. 
277 
 
Isaia, G.C., GASTALDInI, A.L.G. & Moraes, R., 2003. Physical and pozzolanic action of 
mineral additions on the mechanical strength of high-performance concrete. Cement 
and concrete composites, 25(1), pp.69-76. 
Ismail, M., Ismail, M.E. & Muhammad, B., 2011. Influence of elevated temperatures on 
physical and compressive strength properties of concrete containing palm oil fuel ash. 
Construction and Building Materials, 25(5), pp.2358-2364.  
Jaturapitakkul, C., Kiattikomol, K., Tangchirapat, W. & Saeting, T., 2007. Evaluation of the 
sulfate resistance of concrete containing palm oil fuel ash. Construction and Building 
Materials, 21(7), pp.1399-1405. 
Jaturapitakkul, C., Tangpagasit, J., Songmue, S. & Kiattikomol, K., 2011. Filler effect and 
pozzolanic reaction of ground palm oil fuel ash. Construction and Building Materials, 
25(11), pp.4287-4293. 
Jiang, C., Fan, K., Wu, F. &Chen, D., 2014. Experimental study on the mechanical properties 
and microstructure of chopped basalt fibre reinforced concrete. Materials & Design, 
58, pp.187-193.  
Johari, M.M., Zeyad, A.M., Bunnori, N.M. & Ariffin, K.S., 2012. Engineering and transport 
properties of high-strength green concrete containing high volume of ultrafine palm 
oil fuel ash. Construction and Building Materials, 30, pp.281-288.  
Juenger, M.C.G. & Siddique, R., 2015. Cement and Concrete Research Recent advances in 
understanding the role of supplementary cementitious materials in concrete. Cement 
and Concrete Research, 78, pp.71-80.  
Juenger, M.C.G., Winnefeld, F., Provis, J.L. & Ideker, J.H., 2011. Advances in alternative 
cementitious binders. Cement and Concrete Research, 41(12), pp.1232-1243. 
jun Li, J., gang Niu, J., jun Wan, C., Jin, B. & liu Yin, Y., 2016. Investigation on mechanical 
properties and microstructure of high performance polypropylene fiber reinforced 
lightweight aggregate concrete. Construction and Building Materials, 118, pp.27-35.  
Kaiping, L., Hewei, C. & Jing’en, Z., 2004. Investigation of brucite-fiber-reinforced concrete. 
Cement and Concrete Research, 34(11), pp.1981-1986. 
278 
 
Kalifa, P., Chéné, G. & Gallé, C., 2001. High-temperature behavior of HPC with 
polypropylene fibers from spalling to microstructure. Cement and concrete research, 
31(10), pp.1487-1499. 
Kanadasan, J., & Abdul Razak, H., 2015. Engineering and sustainability performance of self-
compacting palm oil mill incinerated waste concrete. Journal of Cleaner Production, 
89, pp.78-86.  
Kang, S.T., & Kim, J.K., 2011. The relation between fiber orientation and tensile behavior in 
an ultra-high performance fiber reinforced cementitious composites (UHPFRCC). 
Cement and Concrete Research, 41(10), pp.1001-1014.  
Kang, S.T., Lee, B.Y., Kim, J.K. & Kim, Y.Y., 2011. The effect of fibre distribution 
characteristics on the flexural strength of steel fibre-reinforced ultra high strength 
concrete. Construction and Building Materials, 25(5), pp.2450-2457.  
Karahan, O., & Atiş, C.D., 2011. The durability properties of polypropylene fiber reinforced 
fly ash concrete. Materials & Design, 32(2), pp.1044-1049. 
Kayali, O., Haque, M.N., & Zhu, B., 1999. Drying shrinkage of fibre-reinforced lightweight 
aggregate concrete containing fly ash. Cement and Concrete Research, 29(11), 
pp.1835-1840. 
Khunthongkeaw, J., Tangtermsirikul, S., & Leelawat, T., 2006. A study on carbonation depth 
prediction for fly ash concrete. Construction and Building Materials, 20(9), pp.744-
753. 
Kim, H.K., Jang, J.G., Lim, M.J. & Cho, C.G., 2016. Effect of fiber addition on fresh and 
hardened properties of spun cast concrete. Construction and Building Materials, 125, 
pp.306-315. 
Kim, J.H.J., Park, C.G., Lee, S.W., Lee, S.W. & Won, J.P., 2008. Effects of the geometry of 
recycled PET fiber reinforcement on shrinkage cracking of cement-based composites. 
Composites Part B: Engineering, 39(3), pp.442-450. 
279 
 
Kim, J.H.J., Park, C.G., Lee, S.W., Lee, S.W. & Won, J.P., 2008. Effects of the geometry of 
recycled PET fiber reinforcement on shrinkage cracking of cement-based composites. 
Composites Part B: Engineering, 39(3), pp.442-450.  
Kovler, K., & Roussel, N., 2011. Properties of fresh and hardened concrete. Cement and 
Concrete Research, 41(7), pp.775-792. 
Kroehong, W., Sinsiri, T., Jaturapitakkul, C. & Chindaprasirt, P., 2011. Effect of palm oil fuel 
ash fineness on the microstructure of blended cement paste. Construction and Building 
Materials, 25(11), pp.4095-4104.  
Kucche, K.J., Jamkar, S.S., & Sadgir, P.A., 2015. Quality of Water for Making Concrete : A 
Review of. International Journal of Scientific and Research Publications, 5(1), pp.1-
10. 
Kumar, S., Gupta, R.C., Shrivastava, S. & Csetenyi, L.J., 2017. Sulfuric Acid Resistance of 
Quartz Sandstone Aggregate Concrete. Journal of Materials in Civil Engineering, 
p.06017006. 
Kwan, W.H., Ramli, M., & Cheah, C.B., 2014. Flexural strength and impact resistance study 
of fibre reinforced concrete in simulated aggressive environment. Construction and 
Building Materials, 63, pp.62-71. 
Langan, B., Weng, K., & Ward, M., 2002. Effect of silica fume and f ly ash on heat of 
hydration of Portland cement. Cement and Concrete Research, 32, pp.1045–1051. 
Li, G.Y., Wang, P.M., & Zhao, X., 2005. Mechanical behavior and microstructure of cement 
composites incorporating surface-treated multi-walled carbon nanotubes. Carbon, 
43(6), pp.1239–1245. 
Li, J., & Yao, Y., 2001. A study on creep and drying shrinkage of high performance concrete. 
Cement and Concrete Research, 31(8), pp.1203-1206. 
Li, Z., 2011. Advanced Concrete Technology, Wiley, New Jersey.  
Li, Z., Wang, X. & Wang, L., 2006. Properties of hemp fibre reinforced concrete composites. 
Composites Part A: Applied Science and Manufacturing, 37(3), pp.497-505. 
280 
 
Lim, S.K., Tan, C.S., Lim, O.Y. & Lee, Y.L., 2013. Fresh and hardened properties of 
lightweight foamed concrete with palm oil fuel ash as filler. Construction and Building 
Materials, 46, pp.39-47.  
Lima, P.R.L., Toledo Filho, R.D., & Melo Filho, J.A., 2014. Compressive stress-strain 
behaviour of cement mortar-composites reinforced with short sisal fibre. Materials 
Research, 17(1), pp.38-46.  
Liu, J., Xing, F., Dong, B., Ma, H., & Pan, D., 2014. Study on water sorptivity of the surface 
layer of concrete. Materials and structures, 47(11), pp.1941-1951.  
Ma, Q., Guo, R., Zhao, Z., Lin, Z. & He, K., 2015. Mechanical properties of concrete at high 
temperature-a review. Construction and Building Materials, 93, pp.371-383.  
MacVicar, R., Matuana, L.M. & Balatinecz, J.J., 1999. Aging mechanisms in cellulose fiber 
reinforced cement composites. Cement and Concrete Composites, 21(3), pp.189–196.  
Mahjoub, R., Yatim, J.M., Mohd Sam, A.R., & Hashemi, S.H., 2014. Tensile properties of 
kenaf fiber due to various conditions of chemical fiber surface modifications. 
Construction and Building Materials, 55, pp.103–113.  
Mahjoub, R., Yatim, J.M., Sam, A.R.M., & Raftari, M., 2014. Characteristics of continuous 
unidirectional kenaf fiber reinforced epoxy composites. Materials and Design, 64, 
pp.640–649.  
Mahjoub, R., Yatim, J.M., Sam, A.R.M. & Raftari, M., 2014. Characteristics of continuous 
unidirectional kenaf fiber reinforced epoxy composites. Materials & Design, 64, 
pp.640-649. 
Majumdar, A.J. & Nurse, R.W., 1974. Glass Fibre Reinforced Cement. Materials Science and 
Engineering, 15, pp.107–127. 
Malhotra, V.M., & Carino, N.J., 2004. Handbook on Nondestructive Testing of Concrete 
Second Edition. CRC press, New York.   
Mamun, M., Batool, F., & Bindiganavile, V., 2014. Thermo-mechanical properties of fibre 
reinforced cement-based foam exposed to sulphate. Construction and Building 
Materials, 61, pp.312-319.  
281 
 
Mangat, P.S., & Azari, M.M., 1985. A theory for the creep of steel fibre reinforced cement 
matrices under compression. Journal of materials science, 20, pp.1119-1133. 
Marar, K., & Eren, Ö., 2011. Effect of cement content and water-cement ratio on fresh 
concrete properties without admixtures. International Journal of the Physical 
Sciences, 6(24), pp.5752-5765.  
Marikunte, S., Aldea, C., & Shah, S., 1997. Durability of glass fiber reinforced cement 
composites: Effect of silica fume and metakaolin. Advanced Cement Based Materials, 
5(97), pp.100-108.  
Marthong, C., & Sarma, D.K., 2016. Influence of PET fiber geometry on the mechanical 
properties of concrete: an experimental investigation. European Journal of 
Environmental and Civil Engineering, 20(7), pp.771-784. 
Martínez-Barrera, G., Ureña-Nuñez, F., Gencel, O. & Brostow, W., 2011. Mechanical 
properties of polypropylene-fiber reinforced concrete after gamma irradiation. 
Composites Part A: Applied Science and Manufacturing, 42(5), pp.567-572. 
Martínez‐Barrera, G., Vigueras‐Santiago, E., Hernández‐López, S., Brostow, W. & 
Menchaca‐Campos, C., 2005. Mechanical improvement of concrete by irradiated 
polypropylene fibers. Polymer Engineering & Science, 45(10), pp.1426-1431. 
Marzouk, O.Y., Dheilly, R.M., & Queneudec, M., 2007. Valorization of post-consumer waste 
plastic in cementitious concrete composites. Waste Management, 27(2), pp.310-318. 
Mastali, M., Dalvand, A., & Sattarifard, A., 2016. The impact resistance and mechanical 
properties of self-compacting concrete reinforced with recycled CFRP pieces. Journal 
of Cleaner Production, 124, pp.312–324.  
Mazaheripour, H., Ghanbarpour, S., Mirmoradi, S.H., & Hosseinpour, I., 2011. The effect of 
polypropylene fibers on the properties of fresh and hardened lightweight self-
compacting concrete. Construction and Building Materials, 25(1), pp.351-358.  
Meddah, M.S., & Bencheikh, M., 2009. Properties of concrete reinforced with different kinds 
of industrial waste fibre materials. Construction and Building Materials, 23(10), 
pp.3196-3205.  
282 
 
Medina, N.F., Barluenga, G., & Hernández-Olivares, F., 2015. Combined effect of 
Polypropylene fibers and Silica Fume to improve the durability of concrete with 
natural Pozzolans blended cement. Construction and Building Materials, 96, pp.556-
566. 
Mesbah, H., & Buyle-Bodin, F., 1999. Efficiency of polypropylene and metallic fibres on 
control of shrinkage and cracking of recycled aggregate mortars. Construction and 
Building Materials, 13(8), pp.439-447. 
Meyer, C., 2009. The greening of the concrete industry. Cement and Concrete Composites, 
31(8), pp.601-605.  
Miao, C., Mu, R., Tian, Q., & Sun, W., 2002. Effect of sulfate solution on the frost resistance 
of concrete with and without steel fiber reinforcement. Cement and Concrete 
Research, 32(1), pp.31-34.  
Mindess, S., Young, J.F., & Darwin, D., 2003. Concrete. Prentice Hall, New Jersey. 
Mirza, F.A., & Soroushian, P., 2002. Effects of alkali-resistant glass fiber reinforcement on 
crack and temperature resistance of lightweight concrete. Cement and Concrete 
Composites, 24(2), pp.223-227. 
Mo, K.H., Alengaram, U.J., Jumaat, M.Z., & Liu, M.Y.J., 2015. Contribution of acrylic fibre 
addition and ground granulated blast furnace slag on the properties of lightweight 
concrete. Construction and Building Materials, 95, pp.686-695.  
Mo, K.H., Yap, S.P., Alengaram, U.J., Jumaat, M.Z., & Bu, C.H., 2014. Impact resistance of 
hybrid fibre-reinforced oil palm shell concrete. Construction and Building Materials, 
50, pp.499-507. 
Mohseni, E., Khotbehsara, M.M., Naseri, F., Monazami, M., & Sarker, P., 2016. 
Polypropylene fiber reinforced cement mortars containing rice husk ash and nano-
alumina. Construction and Building Materials, 111, pp.429-439. 
Monteiro, P.J., 2006. Concrete, microstructure, properties and materials. McGraw-Hill, New 
York.  
283 
 
Monteny, J., Vincke, E., Beeldens, A., De Belie, N., Taerwe, L., Van Gemert, D. & Verstraete, 
W., 2000. Chemical, microbiological, and in situ test methods for biogenic sulfuric 
acid corrosion of concrete. Cement and Concrete Research, 30(4), pp.623-634.  
Mugume, R.B. & Horiguchi, T., 2014. Prediction of spalling in fibre-reinforced high strength 
concrete at elevated temperatures. Materials and Structures, 47, pp.591-604.  
Musso, S., Tulliani, J.M., Ferro, G., & Tagliaferro, A., 2009. Influence of carbon nanotubes 
structure on the mechanical behavior of cement composites. Composites Science and 
Technology, 69(11), pp.1985-1990. 
Nagaratnam, B.H., Rahman, M.E., Mirasa, A.K., Mannan, M.A., & Lame, S.O., 2016. 
Workability and heat of hydration of self-compacting concrete incorporating agro-
industrial waste. Journal of Cleaner Production, 112, pp.882-894.  
Nataraja, M.C., Dhang, N., & Gupta, A.P., 1999. Stress–strain curves for steel-fiber reinforced 
concrete under compression. Cement and concrete composites, 21(5), pp.383-390. 
Neville, A.M., and Brooks, J.J., 2010. Concrete technology, Second Edition, Prentice Hall, 
London. 
Newman, J., & Choo, B.S., 2003. Advanced Concrete Technology, Elsevier Ltd. 
Nguyen, D.L., Ryu, G.S., Koh, K.T., & Kim, D.J., 2014. Size and geometry dependent tensile 
behavior of ultra-high-performance fiber-reinforced concrete. Composites Part B: 
Engineering, 58, pp.279-292.  
Nili, M., & Afroughsabet, V., 2010. Combined effect of silica fume and steel fibers on the 
impact resistance and mechanical properties of concrete. International Journal of 
Impact Engineering, 37(8), pp.879-886.  
Nili, M., & Afroughsabet, V., 2010. The effects of silica fume and polypropylene fibers on 
the impact resistance and mechanical properties of concrete. Construction and 
Building Materials, 24, pp.927-933. 
Noumowe, A., 2005. Mechanical properties and microstructure of high strength concrete 
containing polypropylene fibres exposed to temperatures up to 200 oC. Cement and 
Concrete Research, 35(11), pp.2192-2198. 
284 
 
Noumowé, A., Siddique, R., & Ranc, G., 2009. Thermo-mechanical characteristics of concrete 
at elevated temperatures up to 310 °C. Nuclear Engineering and Design, 239(3), 
pp.470-476. 
Noumowe, A.N., Clastres, P., Debicki, G., & Bolvin, M., 1994. High temperature effect on 
high performance concrete (70-600 oC) strength and porosity. Special Publication, 
145, pp.157-172. 
Ogi, K., Shinoda, T., & Mizui, M., 2005. Strength in concrete reinforced with recycled CFRP 
pieces. Composites Part A: Applied Science and Manufacturing, 36(7), pp.893–902. 
Olivito, R.S., & Zuccarello, F. A., 2010. An experimental study on the tensile strength of steel 
fiber reinforced concrete. Composites Part B: Engineering, 41(3), pp.246-255. 
Pacheco-Torgal, F., & Jalali, S., 2009. Sulphuric acid resistance of plain, polymer modified, 
and fly ash cement concretes. Construction and Building Materials, 23(12), pp.3485-
3491.  
Papadakis, V.G., 2000. Effect of supplementary cementing materials on concrete resistance 
against carbonation and chloride ingress. Cement and concrete research, 30(2), 
pp.291-299. 
Poon, C.S., Azhar, S., Anson, M., & Wong, Y.L., 2003. Performance of metakaolin concrete 
at elevated temperatures. Cement and Concrete Composites, 25(1), pp.83-89.  
Puertas, F., Amat, T., Fernández-Jiménez, A., & Vázquez, T., 2003. Mechanical and durable 
behaviour of alkaline cement mortars reinforced with polypropylene fibres. Cement 
and Concrete Research, 33(12), pp.2031-2036. 
Purnell, P., Short, N.R., Page, C.L., & Majumdar, A.J., 2000. Microstructural observations in 
new matrix glass fibre reinforced cement. Cement and concrete research, 30(11), 
pp.1747-1753.  
Putman, B.J., & Amirkhanian, S.N., 2004. Utilization of waste fibers in stone matrix asphalt 
mixtures. Resources, Conservation and Recycling, 42(3), pp.265-274. 
Qian, C.X., & Stroeven, P., 2000. Development of hybrid polypropylene-steel fibre-reinforced 
concrete. Cement and Concrete Research, 30(1), pp.63–69.  
285 
 
Rambo, D.A.S., de Andrade Silva, F., Toledo Filho, R.D., & Gomes, O.D.F.M., 2015. Effect 
of elevated temperatures on the mechanical behavior of basalt textile reinforced 
refractory concrete. Materials & Design, 65, pp.24-33. 
Ramezanianpour, A.A., & Jovein, H.B., 2012. Influence of metakaolin as supplementary 
cementing material on strength and durability of concretes. Construction and Building 
Materials, 30, pp.470-479.  
Ramezanianpour, A.A., Esmaeili, M., Ghahari, S.A., & Najafi, M.H., 2013. Laboratory study 
on the effect of polypropylene fiber on durability, and physical and mechanical 
characteristic of concrete for application in sleepers. Construction and Building 
Materials, 44, pp.411-418.  
Ranjbar, N., Behnia, A., Alsubari, B., Birgani, P.M., & Jumaat, M.Z., 2016. Durability and 
mechanical properties of self-compacting concrete incorporating palm oil fuel ash. 
Journal of Cleaner Production, 112, pp.723-730.  
Rashad, A.M., 2015. An investigation of high-volume fly ash concrete blended with slag 
subjected to elevated temperatures. Journal of Cleaner Production, 93, pp.47-55.  
RILEM Committee CPC-18., 1994. Measurement of hardened concrete carbonation depth. 
Technical Recommendations for the Testing and Use of Construction Materials. 
London, E and FN Rivas, H.W. 
Romualdi, J.P., & Mandel, J.A., 1964. Tensile strength of concrete affected by uniformly 
distributed and closely spaced short lengths of wire reinforcement. In Journal 
Proceedings, 61(6), pp. 657-672. 
Sadiqul Islam, G.M., & Gupta, S. Das, 2016. Evaluating plastic shrinkage and permeability of 
polypropylene fiber reinforced concrete. International Journal of Sustainable Built 
Environment, 5(2), pp.345-354.  
Safiuddin, M., Abdus Salam, M., & Jumaat, M.Z., 2011. Utilization of palm oil fuel ash in 
concrete: a review. Journal of Civil Engineering and Management, 17(2), pp.234-247.  
286 
 
Safiuddin, M., Salam, M.A., & Jumaat, M.Z., 2013. Key Fresh Properties of Self-
Consolidating High-Strength POFA Concrete. Journal of Materials in Civil 
Engineering, 26, p.130115214501009.  
Şahmaran, M., Özbay, E., Yücel, H.E., Lachemi, M., & Li, V.C., 2011. Effect of fly ash and 
PVA fiber on microstructural damage and residual properties of engineered 
cementitious composites exposed to high temperatures. Journal of Materials in Civil 
Engineering, 23(12), pp.1735-1745.  
Sahmaran, M., Yurtseven, A., & Ozgur Yaman, I., 2005. Workability of hybrid fiber 
reinforced self-compacting concrete. Building and Environment, 40(12), pp.1672–
1677.  
Said, S.H., & Abdul Razak, H., 2015. The effect of synthetic polyethylene fi ber on the strain 
hardening behavior of engineered cementitious composite (ECC). Materials and 
Design, 86, pp.447-457. 
Salih, M.A., Ali, A.A.A., & Farzadnia, N., 2014. Characterization of mechanical and 
microstructural properties of palm oil fuel ash geopolymer cement paste. Construction 
and Building Materials, 65, pp.592-603.  
Sancak, E., Dursun Sari, Y., & Simsek, O., 2008. Effects of elevated temperature on 
compressive strength and weight loss of the light-weight concrete with silica fume and 
superplasticizer. Cement and Concrete Composites, 30(8), pp.715-721. 
Schmidt, H., & Cieslak, M., 2008. Concrete with carpet recyclates : Suitability assessment by 
surface energy evaluation. Waste Management, 28, pp.1182-1187. 
Schneider, M., Romer, M., Tschudin, M., & Bolio, H., 2011. Sustainable cement production-
present and future. Cement and Concrete Research, 41(7), pp.642-650. 
Seleem, H.E.D.H., Rashad, A.M., & El-Sabbagh, B.A., 2010. Durability and strength 
evaluation of high-performance concrete in marine structures. Construction and 
Building Materials, 24(6), pp.878-884.  
287 
 
Serrano, R., Cobo, A., Prieto, M.I. & de las Nieves González, M., 2016. Analysis of fire 
resistance of concrete with polypropylene or steel fibers. Construction and Building 
Materials, 122, pp.302-309. 
Shetty, M.S., 2005. Concrete Technology: Theory and Practice, S. CHAND & COMPANY 
LTD, New Deldi. 
Shi, C., Jiménez, A.F., & Palomo, A., 2011. Cement and Concrete Research New cements for 
the 21st century : The pursuit of an alternative to Portland cement. Cement and 
Concrete Research, 41(7), pp.750-763. 
Shi, H., Xu, B. & Zhou, X., 2009. Influence of mineral admixtures on compressive strength, 
gas permeability and carbonation of high performance concrete. Construction and 
Building Materials, 23(5), pp.1980-1985.  
Shi, X., Xie, N., Fortune, K., & Gong, J., 2012. Durability of steel reinforced concrete in 
chloride environments: An overview. Construction and Building Materials, 30, 
pp.125-138.  
Siddique, R., Khatib, J., & Kaur, I., 2008. Use of recycled plastic in concrete: A review. Waste 
Management, 28(10), pp.1835-1852. 
Sideris, K.K., & Manita, P., 2013. Residual mechanical characteristics and spalling resistance 
of fiber reinforced self-compacting concretes exposed to elevated temperatures. 
Construction and Building Materials, 41, pp.296302.  
Sideris, K.K., Savva, A.E. & Papayianni, J., 2006. Sulfate resistance and carbonation of plain 
and blended cements. Cement and Concrete Composites, 28(1), pp.47-56. 
Sisomphon, K., & Franke, L., 2007. Carbonation rates of concretes containing high volume 
of pozzolanic materials. Cement and Concrete Research, 37(12), pp.1647-1653. 
Sivakumar, A., & Santhanam, M., 2007. Mechanical properties of high strength concrete 
reinforced with metallic and non-metallic fibres. Cement and Concrete Composites, 
29(8), pp.603-608. 
Skalny, J., Marchand, J., & Odler, I., 2002. Sulfate attack on concrete, Spon Press, London.   
288 
 
Solís-Carcaño, R., & Moreno, E.I., 2008. Evaluation of concrete made with crushed limestone 
aggregate based on ultrasonic pulse velocity. Construction and Building Materials, 
22(6), pp.1225-1231. 
Song, P.S., & Hwang, S., 2004. Mechanical properties of high-strength steel fiber-reinforced 
concrete. Construction and Building Materials, 18(9), pp.669-673. 
Song, P.S., Hwang, S., & Sheu, B.C., 2005. Strength properties of nylon- and polypropylene-
fiber-reinforced concretes. Cement and Concrete Research, 35(8), pp.1546–1550.  
Sotayo, A., Green, S., & Turvey, G., 2015. Environmental Technology & Innovation Carpet 
recycling : A review of recycled carpets for structural composites. Environmental 
Technology & Innovation, 3, pp.97-107.  
Söylev, T. A., & Özturan, T., 2014. Durability, physical and mechanical properties of fiber-
reinforced concretes at low-volume fraction. Construction and Building Materials, 73, 
pp.67-75.  
Stark, J., 2011. Recent advances in the field of cement hydration and microstructure analysis. 
Cement and Concrete Research, 41(7), pp.666-678. 
Strzelecki, C., 2004. Modern solutions for shredding, grinding and repelletizing post-
industrial fiber, nonwovens and carpet scrap. In: Presentation at 9th Annual 
Conference on Recycling of Polymer, Textile and Carpet Waste, Dalton, GA. 
Sugiyama, T., Ritthichauy, W., & Tsuji, Y., 2008. Experimental investigation and numerical 
modeling of chloride penetration and calcium dissolution in saturated concrete. 
Cement and Concrete Research, 38(1), pp.49-67. 
Suhaendi, S.L., & Horiguchi, T., 2006. Effect of short fibers on residual permeability and 
mechanical properties of hybrid fibre reinforced high strength concrete after heat 
exposition. Cement and Concrete Research, 36(9), pp.1672-1678. 
Sujivorakul, C., Jaturapitakkul, C., & Taotip, A., 2011. Utilization of fly ash, rice husk ash, 
and palm oil fuel ash in glass fiber–reinforced concrete. Journal of Materials in Civil 
Engineering, 23(9), pp.1281-1288.  
289 
 
Sukontasukkul, P., Pomchiengpin, W., & Songpiriyakij, S., 2010. Post-crack (or post-peak) 
flexural response and toughness of fiber reinforced concrete after exposure to high 
temperature. Construction and Building Materials, 24(10), pp.1967-1974.  
Sun, W., Chen, H., Luo, X., & Qian, H., 2001. The effect of hybrid fibers and expansive agent 
on the shrinkage and permeability of high-performance concrete. Cement and 
Concrete Research, 31(4), pp.595-601.  
Sun, Z., & Xu, Q., 2008. Micromechanical analysis of polyacrylamide-modified concrete for 
improving strengths. Materials Science and Engineering A, 490(1-2), pp.181-192. 
Sun, Z., & Xu, Q., 2009. Microscopic, physical and mechanical analysis of polypropylene 
fiber reinforced concrete. Materials Science and Engineering: A, 527(1), pp.198-204.  
Sun, Z., Hu, X., & Chen, H., 2014. Effects of aramid-fibre toughening on interfacial fracture 
toughness of epoxy adhesive joint between carbon-fibre face sheet and aluminium 
substrate. International Journal of Adhesion and Adhesives, 48, pp.288-294.  
Sun, Z., Shi, S., Hu, X., Guo, X., Chen, J., & Chen, H., 2015. Short-aramid-fiber toughening 
of epoxy adhesive joint between carbon fiber composites and metal substrates with 
different surface morphology. Composites Part B: Engineering, 77, pp.38-45.  
Suuronen, J.P., Kallonen, A., Eik, M., Puttonen, J., Serimaa, R., & Herrmann, H., 2013. 
Analysis of short fibres orientation in steel fibre-reinforced concrete (sfrc) by x-ray 
tomography. Journal of Materials Science, 48(3), pp.1358-1367.  
Swamy, R.N., & Mangat, P.S., 1974. Influence of fiber geometry on the properties of steel 
fiber reinforced concrete. Cement and concrete research, 4, pp.451-465. 
Tabatabaei, Z.S., Volz, J.S., Baird, J., Gliha, B.P., & Keener, D.I., 2013. Experimental and 
numerical analyses of long carbon fiber reinforced concrete panels exposed to blast 
loading. International Journal of Impact Engineering, 57, pp.70-80.  
Tang, S.W., Yao, Y., Andrade, C., & Li, Z.J., 2015. Recent durability studies on concrete 
structure. Cement and Concrete Research, 78, pp.143-154.  
290 
 
Tangchirapat, W., Khamklai, S., & Jaturapitakkul, C., 2012. Use of ground palm oil fuel ash 
to improve strength, sulfate resistance, and water permeability of concrete containing 
high amount of recycled concrete aggregates. Materials & Design, 41, pp.150-157. 
Tangchirapat, W., Saeting, T., Jaturapitakkul, C., Kiattikomol, K., & Siripanichgorn, A., 2007. 
Use of waste ash from palm oil industry in concrete. Waste Management, 27(1), pp.81-
88.  
Tanyildizi, H., 2009. Statistical analysis for mechanical properties of polypropylene fiber 
reinforced lightweight concrete containing silica fume exposed to high temperature. 
Materials and Design, 30(8), pp.3252-3258.  
Tapkin, S., 2008. The effect of polypropylene fibers on asphalt performance. Building and 
Environment, 43(6), pp.1065-1071. 
Tassew, S.T., & Lubell, A.S., 2014. Mechanical properties of glass fiber reinforced ceramic 
concrete. Construction and Building Materials, 51, pp.215-224.  
Tay, J.H., & Show, K.Y., 1995. Use of ash derived from oil-palm waste incineration as a 
cement replacement material. Resources, conservation and recycling, 13(1), pp.27-36.  
Tay, J.H., 1990. Ash from oil-palm waste as a concrete material. Journal of Materials in Civil 
Engineering, 2(2), pp.94-105.  
Thomas, B.S., & Gupta, R.C., 2013. Mechanical properties and durability characteristics of 
concrete containing solid waste materials. Journal of Cleaner Production, 48, pp.1-6. 
Topcu, I.B., & Canbaz, M., 2007. Effect of different fibers on the mechanical properties of 
concrete containing fly ash. Construction and Building Materials, 21(7), pp.1486-
1491.  
Toutanji, H., McNeil, S., & Bayasi, Z., 1998. Chloride permeability and impact resistance of 
polypropylene-fiber-reinforced silica fume concrete. Cement and Concrete Research, 
28(7), pp.961-968. 
Toutanji, H.A., 1999. Properties of polypropylene fiber reinforced silica fume expansive-
cement concrete. Construction and Building Materials, 13(4), pp.171-177.  
291 
 
Ucar, M., & Wang, Y., 2011. Utilization of recycled post-consumer carpet waste fibers as 
reinforcement in lightweight cementitious composites. International Journal of 
Clothing Science and Technology, 23(4), pp.242-248. 
Ueno, H., Beppu, M., & Ogawa, A., 2016. A method for evaluating the local failure of short 
polypropylene fiber-reinforced concrete plates subjected to high-velocity impact with 
a steel projectile. International Journal of Impact Engineering, In Press.   
Uygunoglu, T., 2008. Investigation of microstructure and flexural behavior of steel-fiber 
reinforced concrete. Materials and Structures, 41, pp.1441-1449. 
Vilkner, G., Meyer, C., & Shimanovich, S., 2004. Properties of glass concrete containing 
recycled carpet fibers. In 6th International RILEM Symposium on Fibre-Reinforced 
concretes, Varenna, Italy.  
Wambua, P., Ivens, J., & Verpoest, I., 2003. Natural fibres: can they replace glass in fibre 
reinforced plastics? Composites science and technology, 63(9), pp.1259-1264. 
Wang, X.Y., & Lee, H.S., 2010. Modeling the hydration of concrete incorporating fly ash or 
slag. Cement and Concrete Research, 40(7), pp.984-996. 
Wang, Y., 2006. Utilization of Recycled Carpet Waste Fibers for Reinforcement of Concrete 
and Soil. In Recycling in Textiles. Woodhead Publishing Ltd., Cambridge, UK, pp. 1-
14. 
Wang, Y., 2010. Fiber and textile waste Utilization. Waste and Biomass Valorization, 1(1), 
pp.135-143. 
Wang, Y., Wu, H.C., & Li, V.C., 2000. Concrete reinforcement with recycled fibers. Journal 
of materials in civil engineering, 12(4), pp.314-319.  
Wang, Y., Zureick, A.H., Cho, B.S., & Scott, D.E., 1994. Properties of fibre reinforced 
concrete using recycled fibres from carpet industrial waste. Journal of materials 
science, 29(16), pp.4191-4199.  
Wasserman, R. & Bentur, A., 2013. Efficiency of curing technologies: strength and durability. 
Materials and structures, 46(11), pp.1833-1842.  
292 
 
Wen, S., & Chung, D.D.L., 2001. Carbon fiber-reinforced cement as a strain-sensing coating. 
Cement and Concrete Research, 31(4), pp.665-667.  
Xiao, J., & Falkner, H., 2006. On residual strength of high-performance concrete with and 
without polypropylene fibres at elevated temperatures. Fire Safety Journal, 41(2), 
pp.115-122. 
Yahaghi, J., Muda, Z.C., & Beddu, S.B., 2016. Impact resistance of oil palm shells concrete 
reinforced with polypropylene fibre. Construction and Building Materials, 123, 
pp.394-403.  
Yamada, K., 2011. Cement and Concrete Research Basics of analytical methods used for the 
investigation of interaction mechanism between cements and superplasticizers. 
Cement and Concrete Research, 41(7), pp.793-798.  
Yang, H., Song, H., & Zhang, S., 2015. Experimental investigation of the behavior of aramid 
fiber reinforced polymer confined concrete subjected to high strain-rate compression. 
Construction and Building Materials, 95, pp.143-151.  
Yang, S.L., Millard, S.G., Soutsos, M.N., Barnett, S.J., & Le, T.T., 2009. Influence of 
aggregate and curing regime on the mechanical properties of ultra-high performance 
fibre reinforced concrete (UHPFRC). Construction and Building Materials, 23(6), 
pp.2291-2298. 
Yao, W., Li, J., & Wu, K., 2003. Mechanical properties of hybrid fiber-reinforced concrete at 
low fiber volume fraction. Cement and Concrete Research, 33(1), pp.27-30.  
Yap, S.P., Alengaram, U.J., & Jumaat, M.Z., 2013. Enhancement of mechanical properties in 
polypropylene- and nylon-fibre reinforced oil palm shell concrete. Materials and 
Design, 49, pp.1034-1041. 
Yap, S.P., Bu, C.H., Alengaram, U.J., Mo, K.H., & Jumaat, M.Z., 2014. Flexural toughness 
characteristics of steel–polypropylene hybrid fibre-reinforced oil palm shell concrete. 
Materials & Design, 57, pp.652-659. 
293 
 
Yew, M.K., Mahmud, H.B., Ang, B.C., & Yew, M.C., 2015. Influence of different types of 
polypropylene fibre on the mechanical properties of high-strength oil palm shell 
lightweight concrete. Construction and Building Materials, 90, pp.36-43.  
Yew, M.K., Mahmud, H.B., Shafigh, P., Ang, B.C., & Yew, M.C., 2016. Effects of 
polypropylene twisted bundle fibers on the mechanical properties of high-strength oil 
palm shell lightweight concrete. Materials and Structures, 49(4), pp.1221-1233.  
Yin, S., Tuladhar, R., Sheehan, M., Combe, M., & Collister, T., 2016. A life cycle assessment 
of recycled polypropylene fibre in concrete footpaths. Journal of Cleaner Production, 
112, pp.2231-2242. 
Yoo, D.Y., Kang, S.T. & Yoon, Y.S., 2014. Effect of fiber length and placement method on 
flexural behavior, tension-softening curve, and fiber distribution characteristics of 
UHPFRC. Construction and Building Materials, 64, pp.67-81. 
Yoo, D.Y., Shin, H.O., Yang, J.M., & Yoon, Y.S., 2014. Material and bond properties of ultra-
high performance fiber reinforced concrete with micro steel fibers. Composites Part 
B: Engineering, 58, pp.122-133. 
Yoo, D.Y., Yoon, Y.S., & Banthia, N., 2015. Flexural response of steel-fiber-reinforced 
concrete beams: Effects of strength, fiber content, and strain-rate. Cement and 
Concrete Composites, 64, pp.84-92.  
Yusuf, M.O., Johari, M.A.M., Ahmad, Z.A., & Maslehuddin, M., 2014. Evolution of alkaline 
activated ground blast furnace slag–ultrafine palm oil fuel ash based concrete. 
Materials & Design, 55, pp.387-393. 
Zelić, J., Rušić, D., Veza, D., & Krstulović, R., 2000. The role of silica fume in the kinetics 
and mechanisms during the early stage of cement hydration. Cement and Concrete 
Research, 30(10), pp.1655-1662.  
Zhang, P., & Li, Q.F., 2013. Effect of polypropylene fiber on durability of concrete composite 
containing fly ash and silica fume. Composites Part B: Engineering, 45(1), pp.1587-
1594.  
294 
 
Zhang, P., Li, Q., & Sun, Z., 2011. Influence of Silica Fume and Polypropylene Fiber on 
Fracture Properties of Concrete Containing fly ash. Journal of Reinforced Plastics and 
Composites, p.0731684411431358.  
Zheng, W., Li, H., & Wang, Y., 2012. Compressive behaviour of hybrid fiber-reinforced 
reactive powder concrete after high temperature. Materials and Design, 41, pp.403-
409.  
Zheng, Z., & Feldman, D., 1995. Synthetic fibre-reinforced concrete. Progress in Polymer 
Science, 20(2), pp.185-210.  
Zhou, J., & Xiang, H., 2011. Research on Mechanical Properties of Recycled Fiber Concrete. 
Applied Mechanics and Materials, 94-96, pp.1184-1187. 
Zīle, E., & Zīle, O., 2013. Effect of the fiber geometry on the pullout response of mechanically 
deformed steel fibers. Cement and concrete research, 44, pp.18-24. 
Zingg, A., Winnefeld, F., Holzer, L., Pakusch, J., Becker, S., Figi, R., & Gauckler, L., 2009. 
Interaction of polycarboxylate-based superplasticizers with cements containing 
different C3A amounts. Cement and Concrete Composites, 31(3), pp.153-162.  
Zollo, R.F., 1997. Fiber-reinforced concrete: an overview after 30 years of development. 
Cement and Concrete Composites, 19(2), pp.107-122. 
 
